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(57) It is an object to provide a laser beam machining 
method which can easily cut a machining target. The la- 
ser beam machining method irradiates laser light while 
positioning a focus point at the inside of a machining tar- 



get to thereby f omri a treated area based on multiphoton 
absorption along a planned cutting line of the machining 
target inside the machining target and also f omn a minute 
cavity at a predetermined position con'esponding to the 
treated area in the machining target. 
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Description 

Technical Reld 

[0001] TTie present invention relates to a laser beam 
machining method, laser beam machining apparatus, 
and a laser beam machined product 

Baclcground Art 

[0002] The following Non-Patent Document 1 disclos- 
es a method for cutting a machining target by laser beam 
machining. The laser beam machining method described 
in the Non-Patent Document 1 aims to cut silicon wafers, 
and it uses light having a wavelength of about 1 lun which 
can transmit through silicon. The light is converged to 
the inside of the wafer to continuously form a modifying 
layer, and the wafer is cut with formation of the modifying 
layer as a trigger. 

[Non-Patent Document 1) "UKSER LIGHT DICING MA- 
CHINING IN SEMICONDUCTOR WAFER" authored by 
Kazunao Arai, Joumal of Tlie Society of Grinding Engi- 
neers. Vol. 47, No. 5, 2003 May. pp. 229-231. 

Disclosure of the Invention 

[0003] When the silicon wafer machined by the laser 
beam machining method described above is cut, it is re- 
quired to apply force to the wafer in a wafer bending di- 
rection which develops inner cracks. Accordingly, a yield- 
ing percentage would be lowered if a method for detach- 
ing tape adhering to the bacic side of the silicon wafer in 
parallel to the silicon wafer to cut the silicon wafer (ex- 
pand method) is adopted. 

[0004] Therefore, the present invention has an object 
to provide a laser beam machining method and a laser 
beam machining apparatus which can easily cut a ma- 
chining target, and to provide a laser beam machined 
product which is cut easily. 

Means for Solving the Problem 

[0005] A laser beam machining method according to 
the present invention comprises a step of irradiating laser 
light to a machining target while converging the light to 
the inside of the machining target to form a treated area 
based on multiphoton absorption in the machining target 
along a planned cutting line of the machining target and 
also forni a minute cavity at a predetermined position in 
connection with the treated area in the machining target. 
[0006] According to the laser beam machining method 
of the present invention, the minute cavity is formed in 
connection with the treated area, and thus the pair of the 
treated area and the minute cavity can be formed in the 
machining target. 

[0007] In the laser beam machining method of the 
present invention, preferably, further comprising a step 
of setting the planned cutting line. Because of comprising 



a step of setting the planned cutting line, the treated area 
and the minute cavity can be formed along the planned 
cutting line. 

[0008] A laser beam machining method acconjing to 
s the present invention comprises a step in which setting 
a planned cutting line of a machining target; and a step 
in which irradiating laser light to the machining target 
while converging the light to the Inside of the machining 
target, thereby fomning a treated area based on multi- 
10 photon absorption in the machining target along the 
planned cutting line and fomri a minute cavity at a prede- 
tennined position in connection with the treated area in 
the machining target. 

[0009] According to the laser beam machining method 
15 of the present invention, the minute cavity is formed in 
connection with the treated area, and thus the pair of the 
treated area and the minute cavity can be fomned in the 
machining target 

[0010] In the laser beam machining method of the 
20 present invention, preferably, wherein the machining tar- 
get is a semiconductor substrate, and the treated area 
is a molten processed area. Because of irradiating laser 
light to the semiconductor substrate, the melting area 
and the minute cavity can be fomned. 
25 [0011] In the laser beam machining method of the 
present invention, preferably, wherein the machining tar- 
get is a semiconductor sut)strate, and the laser light Is a 
pulse laser light which pulse width is set to 500 nsec or 
less. Because of irradiating pulse laser light which pulse 
30 width is set to 500 nsec or less, the minute cavity can be 
fomied more accurately, 

[0012] In the laser beam machining method of the 
present invention, preferably, wherein the machining tar- 
get is a semiconductor substrate, and the laser light is a 

35 pulse laser light which pulse pitch is set to 1,00 pjn to 
7.00 Jim. Because of irradiating pulse laser light which 
pulse pitch is set to 1 .00 jun to 7.00 jtm, the minute cavity 
can be formed more accurately. 
[0013] In the laser beam machining method of the 

40 present invention, preferably, wherein the minute cavities 
are fomned along the planned cutting line, each of the 
minute cavities are separated. Because of separating the 
minute cavities, the minute cavity can be fomned more 
efficiently. 

45 [0014] In the laser beam machining method of the 
present Invention, preferably* wherein the minute cavities 
are fonmed along the planned cutting line, each of the 
minute cavities are separated. Because of separating the 
minute cavities, the minute cavity can be formed more 

50 efficiently. 

[QOIS] In the laser beam machining method of the 
present invention, preferably, wherein a functional ele- 
ment is formed on a principle surface of the machining 
target, and the minute cavity is located between the prin- 

55 clple surface and the treated area. Because of fomning 
the minute cavity on the side of the principle surface, 
dividing precision of the functional element side is im- 
proved. 
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[0016] In the laser beam machining method of the 
present invention, preferably, the minute cavity is fonmed 
the otherside of the laser light incidence, putting the treat- 
ed area between them. 

[0017] In the laser beam machining method of the 
present invention, preferably, further comprising a step 
of cutting the machining target which is formed the minute 
cavity. 

[0018] A laser beam machining method according to 
the present invention comprises a step in which setting 
a planned cutting line of a semiconductor substrate; and 
a step in which irradiating laser light to the semiconductor 
substrate while converging the light to the inside of the 
semiconductor substrate, thereby fonming a molten proc- 
essed area in the semiconductor substrate along the 
planned cutting line and fomi a minute cavity at a prede- 
temr^ined position in connection with the molten proc- 
essed area in the semiconductor substrate. 
[0019] ' "According to the laser beam machining meithod 
of the present invention, the minute cavity is formed in 
connection with the molten processed area, and thus the 
pair of the molten processed area and the minute cavity 
can be fomned in the semiconductor substrate. 
[0020] A laser beam machining method according to 
the present invention comprises a step in which setting 
a planned cutting line of a semiconductor substrate; and 
a step in which irradiating laser light to the semiconductor 
substrate while converging the light to the inside of the 
semiconductor substrate, thereby fomriing a molten proc- 
essed area in the semiconductor substrate along the 
planned cutting line and fomi a minute cavity at a prede- 
temnined position in connection with the molten proc- 
essed area in the semiconductor substrate, and the laser 
light is a puise laser light which pulse width is set to 500 
nsec or less. 

[0021 ] According to the laser beam machining method 
of the present invention, irradiating pulse laser light which 
pulse width is set to 500 nsec or less, the minute cavity 
can be fomned more accurately. 
[0022] A laser beam machining method according to 
the present invention comprises a step in which setting 
a planned cutting line of a semiconductor substrate; and 
a step in which irradiating laser light to the semiconductor 
substrate while converging the light to the inside of the 
semiconductor substrate, thereby fomiing a molten proc- 
essed area in the semiconductor substrate along the 
planned cutting line and fonm a minute cavity at a prede- 
termined position in connection with the molten proc- 
essed area in the semiconductor substrate, and the laser 
light is a pulse laser light which pulse pitch is set to 1 .00 
nm to 7.00 jjjn. 

[0023] According to the laser beam machining method 
of the present invention, irradiating pulse laser light which 
pulse pitch is set to ^.00 jum to 7.00 /t m, the minute 
cavity can be formed more accurately. 
[0024] In the laser beam machining method of the 
present invention, preferably, wherein the minute cavities 
are formed along the planned cutting line, each of the 



minute cavities are separated. Because of separating the 
minute cavities, the minute cavity can be formed more 

efficiently. 

[0025] In the laser beam machining method of the 
5 present invention, preferably, wherein a functional ele- 
ment is formed on a principle surface of the semiconduc- 
tor substrate, and the minute cavity is located between 
the principle surface and the molten processed area. Be- 
cause of fonning the minute cavity on the side of the 
10 principle surface, dividing predsion of the functional el- 
ement side is improved. 

[0X)26] In the laser beam machining method of the 
present invention, preferably, the minute cavity is formed 
the other side of the laser tight incidence, putting the mol- 

15 ten processed area between them. 

[0027] In the laser beam machining method of the 
present invention, preferably, comprising a step of cutting 
the machining target which is fonned the minute cavity. 
[0028] A laser beam machihing apparatus accortJing^ 

20 to the present invention comprises laser light source, a 
mount table for mounting a machining target, and a con- 
troller for controlling relative position of the laser light 
source and the mount table, wherein thecontrollercontrol 
relative position of the laser light source and the mount 

25 table while converging the laser light to the inside of the 
machining target and the controller move the laser fight 
source and the mount table relatively along a planned 
cutting line, thereby fonning a treated area based on mul- 
tiphoton absorption in the machining target along the 

30 planned cutting line and fomi a minute cavity at a prede- 
temnined position in connection with the treated area in 
the machining target. 

[0029] According to the laser beam machining appa- 
ratus of the present invention, the minute cavity is formed 
35 in connection with the treated area, and thus the pair of 
the treated area and the minute cavity can be fonmed in 
the machining target. 

[0030] A laser beam machining apparatus according 
to the present invention comprises laser light source, a 

40 mounttableformounting a semiconductorsubstrate, and 
a controller for controlling relative position of the laser 
light source and the mount table, wherein the controller 
control relative position of the laser light source and the 
mount table while converging the laser light to the inside 

45 of the semiconductor substrate, and the controller move 
the laser light source and the mount table relatively along 
a planned cutting line, 

thereby forming a molten processed area in the semi- 
conductor substrate along the planned cutting line and 
50 fomn a minute cavity at a predetemiined position in con- 
nection with the molten processed area in the semicon- 
ductor substrate. 

[0031] According to the laser beam machining appa- 
ratus of the present invention, the minute cavity is formed 
55 in connection with the molten processed area, and thus 
the pair of the molten processed area and the minute 
cavity can be fonned in the semiconductor substrate. 
[0032] A laser beam machining apparatus according 
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to the present invention comprises laser fight source, a 
mount table for mounting a semiconductor substrate, and 
a controller for controlling relative position of the laser 
light source and the mount table, wherein the controller 
control relative position of the laser light source and the s 
mount table while converging the laser light to the inside 
of the semiconductor substrate, and the controller move 
the laser light source and the mount table relatively along 
a planned cutting line, thereby fonming a molten proc- 
essed area in the semiconductor substrate along the 
planned cutting line and fomn a minute cavity at a prede- 
termined position in connection with the molten proc- 
essed area in the semiconductor substrate, and the laser 
light is a pulse laser light which pulse width is set to 500 
nsec or less. is 
[0033] According to the laser beam machining appa- 
ratus of the present invention, irradiating pulse laser light 
which pulse width is set to 500 nsec or less, the minute 
cavity can be formed more accurately. 
[0034] A laser beam machining apparatus according 20 
to the present invention comprises laser light source, a 
mount table for mounting a semiconductor substrate, and 
a controller for controlling relative position of the laser 
light source and the mount table, wherein the controller 
control relative position of the teser light source and the ^ 
mount table while converging the laser light to the inside 
of the semiconductor substrate, and the controller move 
the laser light source and the mount table relatively along 
a planned cutting line, thereby fonning a molten proc- 
essed area in the semiconductor substrate along the 3o 
planned cutting line and form a minute cavity at a prede- 
termined position in connection with the molten proc- 
essed area In the semiconductor substrate, and the laser 
light is a pulse laser light which pulse pitch is set to 1 .00 
mjti to 7.00 pjm. 35 
[0035] According to the laser beam machining appa- 
ratus of the present invention, irradiating pulse laser tight 
which pulse pitch is setto 1 .00 pjn to 7.00 |tm, the minute 
cavity can be formed more accurately. 
[0036] In the laser beam machining apparatus of the 
present invention, preferably, wherein the minute cavities 
are fomried along the planned cutting line, each of the 
minute cavities are separated. Because of separating the 
minute cavities, the minute cavity can be fonmed more 
efficiently. 45 
[0037] A laser beam machined product of the present 
invention is achieved by cutting a machining target by 
laser beam machining, and a treated area which is mod- 
ified with multiphoton absorption is formed at a portion 
along a principal face formed by the cutting, and a minute so 
cavity having an opening portion is formed at a predeter- 
mined position which is located on the principal face 
formed by the cutting and corresponds to the treated ar- 
ea. 

[0038] The laser beam machined product of the ss 
present invention is fomned by fomning the treated area 
and the minute cavity in connection with each other in 
the machining target to obtain a laser beam machined 



object, and cutting the laser beam machined object at a 
portion where the treated area and the minute cavity are 
formed. 

[0039] In the laser beam machined product of the 
present invention, preferably, wherein the machining tar- 
get is a semiconductor substrate, and the treated area 
is a molten processed area. Because of irradiating laser 
light to the semiconductor substrate, the melting area 
and the minute cavity can be fomied. 
[0040] In the laser beam machined product of the 
present invention, preferably, wherein the minute cavities 
are formed along the planned cutting line, each of the 
min ute cavities are separated. Because of separating the 
minute cavities, the minute cavity can be formed more 
efficiently. 

[0041] In the laser beam machined product of the 
present invention, preferably, wherein an interval of the 
minute cavities is 1 .00 pm to 7.00 p,m. Because of sep- 
arating the minute cavities, the minute cavity can be 
fomied more efficiently. 

[0042] In the laser beam machined product of the 
present invention, preferably, wherein the treated area 
is formed in a first zone along the planned cutting line, 
and the minute cavities arefonned in a second zone sep- 
arated from the first zone. Both of the treated area and 
the minute cavity are fonned in the first zone and the 
second zone, the treated area and the minute cavity are 
fonned in a group each other. 

[0043] A laser beam machining method according to 
the present invention comprises a step of: irradiating la- 
ser light to a machining target while converging the light 
to the inside of the machining target, thereby fonning a 
treated region which includes a treated area in the ma- 
chining target along a planned cutting line of the machin- 
ing target and form a minute cavity region which includes 
a minute cavity along at least one part of the planned 
cutting line. 

[0044] According to the laser beam machining method 
of the present invention, to form the treated region and 
the minute cavity region along at least one part of the 
planned cutting line, it is easy to cutthe machining target 
[0045] In the laser beam machining method of the 
present invention, preferably, the machining target is a 
semiconductor substrate, and the treated area is a mol- 
ten processed area. 

[0046] A laser beam machined product of the present 
invention is achieved by cutting a machining target by 
laser beam machining, a treated region which includes 
a treated area which is fonned at a portion along a prin- 
cipal face fonned by the cutting; and a minute cavity re- 
gion which includes a minute cavity having an opening 
portion formed at a predetennined position which is lo- 
cated on the principal face fonned by cutting. 
[0047] In the laser beam machining product of the 
present invention, preferably, the machining target is a 
semiconductor substrate, and the treated area is a mol- 
ten processed area. 

[0048] When the treated area and the minute cavity 
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are formed in the laser beam machined target according 
to the laser beam machining method of the present In- 
vention, the machining target can be easily cut 

Brief Description of the Drawings s 

[0049] 

[Rg. 1] A plan view showing a machining target to 
be subjected to laser beam machining according to io 
a laser beam machining method of an embodiment. 
[Rg. 2] A cross-sectional view of the machining tar- 
get shown in Rg. 1 which is taken along 11-11. 
[Rg. 3] A plan view of the machining target which 
has been subjected to laser beam machining accord- 
ing to the laser beam machining method of the em- 
bodiment 

[Rg. 4] A cross-sectional view of the machining tar- 
get showii ih'Rg: 3"whicff is taken along IV- IV. 
[Fig. 5] A cross-sectional view of the machining tar- ^ 
get shown in Rg. 3 which is taken along V-V. 
[Rg. 6] A plan view showing the machining target 
whteh is cut according to the laser beam machining 
method of the embodiment 

[Rg. 7] A diagram showing a laser beam machining 25 
apparatus applk^able to the laser beam machining 
method of the embodiment 
[Rg. 8] A flowchart showing the laser beam machin- 
ing method of the embodiment. 

[Fig. 9] A photograph of a section of a silicon wafer 30 
cut by the laser beam machining method of the em- 
bodiment 

[Rg. 1 0] A photograph of a section of a silicon wafer 
cut by the laser beam machining method of the em- 
bodiment 35 
[Fig. 11] A photograph of a whole section shown in 
Rg. 9 and Rg. 10. 

[Rg. 12] A diagram showing a condition of the laser 
beam machining method of the embodiment 
[Rg. 1 3] A photograph of a section of a silicon wafer 
cut by the laser beam machining method of the em- 
bodirnent 

[Rg. 1 4] A photograph of a section of a silicon wafer 
cut by the laser beam machining method of the em- 
bodiment. -^5 
[Rg. 1 5] A rough sketch of the photograph shown in 
Rg. 14. 

[Fig. 1 6] A diagram showing the principle of the laser 
beam machining method of the embodiment 
[Rg. 1 7] A diagram showing the principle of the laser 50 
beam machining method of the embodiment 
[Rg. 1 8] A drawing of a section of a silicon wafer cut 
by the laser beam machining method of the embod- 
iment 

[Rg. 1 9] A drawing of a section of a silicon wafer cut ss 
by the laser beam machining method of the embod- 
iment 

[Fig. 20] A drawing of a section of a silicon wafer cut 



by the laser beam machining method of the embod- 
iment 

[0050] 1 : machining target, 3: surface, 5: planned cut- 
ting line, 7: treated area, 8: minute cavity 

Best R/lodes for Carrying Out the Invention 

[0051 ] The knowledge of the present invention can be 
easily understood by considering the following detailed 
description with reference to the accompanying drawings 
illustrated for only exemplification. Subsequently, an em- 
bodiment according to the present invention will be de- 
scribed with reference to the accompanying drawings. If 
possible, the same constituent elements are represented 
by the same reference numerals, and overlapping de- 
scription thereof is omitted, 

[0052] The laser beam machining method of this em- 
bodiment will be described: According to the laser beam 
machining method of this embodiment, a treated area 
(molten processed area) is fornied by multiphoton ab- 
sorption, and also a minute cavity whose periphery is not 
substantially varied in crystal stmcture is fonned at a pre- 
detennined position corresponding to the treated area. 
The multiphoton absorption is a phenomenon occurring 
when the intensity of laser light is strong. Rrst, the mul- 
tiphoton absorption will be briefly described. 
[0053] When the energy hv of photons is smaller than 
the band gap EG of absorption of a material, the material 
is optically transparent. Accordingly, a condition under 
which the material absorbs light is hv > EG. However, 
even when the material is optically transparent, the ma- 
terial absorias light under a condition of nhv > EG (n=2, 
3, 4, ...) if the intensity of the laser light is increased. This 
phenomenon is called multiphoton absorption. In the 
case of a pulse wave, the intensity of laser light is deter- 
mined by the peak power density of the focusing point 
(W/cm2), and multiphoton absorption occurs under acon- 
dition where the peak power density is equal to. 1 x 1 08 
(W/cm2) or more. The peak power density is determined 
by dividing (the energy per one pulse of laser light at a 
focusing point) by (the beam spot sectional area of the 
laser light x pulse width). In the case of a continuous 
wave, the intensity of laser light is detemnined by the elec- 
tric field intensity (W/cm^ of the laser light at a focusing 
point. 

[0054] The laser beam machining method of this em- 
bodiment using the multiphoton absorption as described 
above will be described with reference to Rg. 1 to Rg. 
6. Fig. 1 is a plan view showing a machining target 1 
(semiconductor substrate) in a laser beam machining 
process, Rg. 2 is across-sectional view of the machining 
target 1 shown in Rg. 1, which is taken along a 11-11 line, 
Rg. 3 is a plan view showing the machining target 1 after 
the laser beam machining process, Rg. 4 is a cross-sec- 
tional view of the machining target 1 shown in Rg. 3, 
which is taken along a IV-IV line, Fig. 5 is a cross-sec- 
tional view of the machining target 1 shown in Rg. 3, 
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which is taken along a V-V line, and Rg. 6 is a plan view 
of the machining target 1 which is cut 
[0055] As shown in Fig. 1 and Rg. 2, a planned cutting 
line 5 is drawn on the surface 3 of the machining target 
1 . The planned cutting line 5 is a lineariy-extending virtual 
line. The laser beam machining method according to this 
embodiment matches a focus point F to the inside of the 
machining target 1 under a condition where multlphoton 
occurs, and inadiates laser light L to the machining target 
1 to fonri a treated area 7. The focusing point means a 
portion to which the laser light L is focused. 
[0056] The laser light L is relatively moved along the 
planned cutting line 5 (that is, along a direction of an 
an-ow A) at a predetennined pitch P to thereby move the 
focus point F along the planned cutting line 5, whereby 
a modified area comprising a treated area 7 and a minute 
cavity is fonned along the planned cutting line 5 only in- 
side the machining target 1 as shown in Rg. 3 to Rg. 5. 
The treated area 7 and the minute cavity 8 are fomied 
at the predetennined pitch P at which the laser light L is 
moved as shown in Rg. 5. This pitch P is equal to pulse 
pitch of laser light L. The minute cavity 8 is formed at 
machining depth C, in thickness B of the machining target 
1. As shown in Rg. 5, the minute cavity 8 is formed at 
the opposite side to the treated area 7 when viewing in 
the irradiation direction of the laser light L. The treated 
area 7 and the minute cavity 8 may be fonned continu- 
ously with each other even when the treated area 7 and 
the minute cavity 8 are spaced from each other at a pre- 
determined interval. According to the laserbeam machin- 
ing method of this embodiment, the treated area 7 is 
fonned not by making the machining target 1 absorb the 
laser light L to heat the machining target 1 , but by trans- 
mitting the laser light L through the machining target 1 to 
induce multiphoton absorption inside the machining tar- 
get 1 . Accordingly, the laser light L is hardly absorbed on 
the surface 3 of the machining target 1 , and thus the 
surface 3 of the machining target 1 is not melted. 
[0057] In the cutting process of the machining target 
1 , the machining target 1 can be cut by forming the treated 
area 7 and the minute cavity 8 in the machining target 1 
to obtain a laser beam machined object as described 
above, attaching tape on the back side of the machining 
target 1 and then detaching the tape in a direction per- 
pendicular to the planned cutting line 5 of the machining 
target 1 (see Rg. 6). When a portion to be cut has a cut 
starting point, the machining target 1 is broken from the 
cut starting point, and thus the machining target 1 can 
be cut with relatively small force as shown in Fig. 6. Ac- 
cordingly, the machining target 1 can be cut without gen- 
erating any unnecessary cracks (namely, cracks which 
run off the planned cutting line) on the surface 3 of the 
machining target 1 . 

[0058] A molten processed area is known as one of 
the treated areas formed by multiphoton absorption in 
this embodiment In this case, the laser light is converged 
to the inside of the machining target (for example; a sem- 
iconductor material such as silicon wafer or the like), and 



10 

irradiated under the condition where electnc field inten- 
sity at the focusing point is equal to 1 x 1 0^ (W/cm^) or 
more and the pulse width is equal to 1 fjus or less, whereby 
the inside of the machining target is locally heated by 

s multiphoton absorption. A molten processed area is 
fonned inside the machining target by the heat. 
[0059] The molten processed area means at least one 
of an area which has been once melted and then re- 
solidified, an area under a melting state and an area 

10 which was melted and is now being re-solidified. Further- 
more, the molten processed area may be called a phase- 
varied area or a crystal-structu re varied area. Still further, 
the molten processed area may be called an area in 
which one of a monocrystal structure, an amorphous 

IS stmcture and a polycrystal structure is varied with anoth- 
er structure. 

[0060] That is, the molten processed area means an 
area varied from the monocrystal structure to the monoc- 
rystal structure, an area varied from the monocrystal 

20 structure to the polycrystal structure or an area varied 
from the monocrystal structure to a structure containing 
the amorphous structure and the polycrystal structure. 
When a machining target has a silicon monocrystal struc- 
ture, the molten processed area means an amorphous 

25 silicon structure, for example. The upper limit value of 
the electric field intensity is equal to 1 x 10''2 (W/cm^, 
for example. The pulse width is preferably set to 1 ns to 
200ns, for example. 

[0081 ] On the other hand, the minute cavity fonned in 

30 this embodiment means an area arou nd which the crystal 
structure is not substantially varied. When a machining 
target has a silicon monocrystal structure, the peripheral 
portion of the minute cav'rty frequently retains the silicon 
monocrystal structure. 

35 [0062] Next, a specific example of the laser beam ma- 
chining method according to this embodiment will be de- 
scribed. Rg. 7 shows a laserbeam machining apparatus 
100 using the laser beam machining method according 
to this embodiment of the present invention. 

40 The laser beam machining apparatus 1 GO shown in Rg. 
7 is equipped with laser light source 101 for generating 
laser light L, laser light source controller 102 for control- 
ling the laser light source 101 for adjusting the output, 
pulse width, etc., of the laser light L, a dichroic min-or 1 03 

^5 which has a function of reflecting the laser light and is 
disposed so that the direction of the optical axis of the 
laser light L Is varied by 90 degrees, a condenser lens 
105 for converging the laser light L reflected from the 
dichroic min-or 103, a mount table 107 for mounting ther- 

50 eon the machining target 1 to whfch the laser light L con- 
verged by the condenser lens 105 is in^diated, an X-axis 
stage 1 09 (controller) for moving the mount table 1 07 in 
the X-axis direction, a Y-axis stage 1 1 1 (controller) for 
moving the mount table 107 in a Y-axis direction perpen- 

55 dicular to the X-axis direction, a Z-axis stage 1 1 3 (con- 
troller) for moving the mount table 1 07 in a Z-axis direc- 
tion perpendicular to the X-axis andy-axis directions, and 
a stage controller 115 (controller) for controlling the 
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movement of the three stages 109, 111 and 113. Addi- 
tionally, not shown, is an optical system for expanding 
the Gaussian distribution of the laser light disposed be- 
tween the laser light source 1 01 and the condenser lens 
1 05. In this embodiment, the machining target 1 is a sil- 5 
icon wafer, and thus expand tape 1 06 is attached to the 
back side of the machining target 1 . 
[0063] Since the Z-axis direction is perpendicular to 
the surface 3 of the machining target 1, it corresponds 
to the focal depth direction of the laser light L made inci- 
dent to the machining target 1. Accordingly, the focus 
point F of the laser light L can be positioned at the inside 
of the machining target 1 by moving the Z-axis stage 1 1 3 
in the Z-axis direction. The movement of the focus point 
F in the X(Y)-axis direction is carried out by moving the 
machining target 1 in the X(Y) axis direction with the X 
(Y)-axis stage 1 09 (1 1 1 ). The X(Y)-axis stage 1 09 (1 1 1 ) 
is an example of moving means. 
[00641 The laser light isbutxje 101 is ah Nd:YAG laser 
for emitting a pulse laser iight. An Nd:YV04 laser, an Nd: 
YLF laser or a titan sapphire laser may be also used as 
the laser light source 101. When the treated area is a 
molten processed portion, the Nd:YAG laser, the Nd: 
YVO4 laserorthe Nd:YLF laser is preferably used. When 
the modified area is a refractive-index varied area, the 
titan sapphire laser is preferably used. 
[0065] In this embodiment, pulse laser light is used to 
machine the machining target 1, however, continuous 
wave laser light may be used insofar as it can induce 
multiphoton absorption. In the present invention, the temrj 
of the laser light is broadly defined to contain a laser 
beam. The condenser lens 105 is an example of light 
converging means. The Z-axis stage 1 13 is an example 
of means for positioning the focus point of the laser light 
at the inside of the machining target The focus point of 
the laser light may be also positioned at the inside of the 
machining target by moving the condenser lens 105 in 
the Z-axis direction. 

[0066] The laser beam machining apparatus 1 00 is fur- 
ther equipped with an observing light source 1 1 7 for gen- 
erating visible light to in-adiate visible iight to the machin- 
ing target 1 mounted on the mount table 1 07, and a vis- 
ible-light beam splitter 1 1 9 disposed on the same optical 
axis as the dichroic mirror 103 and the condenser lens 
105. The dichroic mirror 103 is disposed between the 
beam splitter 119 and the condenser lens 1 05. The beam 
splitter 119 has a function of reflecting about a half of 
visible light and transmitting therethrough the other half 
of the visible light, and Is disposed to vary the direction 
of the optical axis of the visible light by 90 degrees. About 
a half of the visible light generated from the observing 
light source 1 1 7 is reflected by the beam splitter 1 1 9, and 
the visible light thus reflected is transmitted through the 
dichroic mirror 1 03 and the condenser lens 1 05, and then 
irradiated to the surface 3 containing the planned cutting 
line 5, etc., of the machining target 1 . 
[0067] The laser beam machining apparatus 1 00 is fur- 
ther equipped with a beam splitter 119, and an image 



pickup element 121 and an imaging lens 123 which are 
disposed on the same optical axis as the dichroic mirror 
1 03 and the condenser lens 1 05. A CCD (charge-coupled 
device) camera is known as tiie image pickup element 
121. Reflection light of visible light irradiated to the sur- 
face 3 containing the planned cutting line 5, etc., is trans- 
mitted through the condenser lens 105, the diachronic 
min-or 1 03 and the beam splitter 1 1 9, imaged on the im- 
aging lens 123 and then picked up by the image pickup 
element 121 to obtain image pickup data. 
[0068] The laser beam machining apparatus 1 00 Is fur- 
ther equipped with an image pickup data processor 125 
to which the image pickup data output from the image 
pickup element 121 are input, an overall controller 127 
for controlling the whole of the laser beam machining 
apparatus 100, and a monitor 129. The image pickup 
data processor 125 calculates focus point data to which 
the focus point of visible light generated by the observing 
light source 117 is positioned on the basis of the image 
pickup data. The stage controller 115 controls the move- 
ment of the Z-axis stage 1 13 on the basis of the focus 
point data so that the focus point of the visible light is 
positioned atthe.surface 3. Accordingly, the image pick- 
up data processor 125 calculates as an auto focus unit 
The image pickup data processor 125 calculates image 
data such as an enlarged image of the surface 3 or the 
like on the basis of the image pfckup data. The image 
data are transmitted to the overall controller 127 to be 
subjected to various kinds of processing in the overall 
controller, and then transmitted to a monitor 1 29, where- 
by an enlarged image orthe like is displayed on the mon- 
itor 129. 

[0069] The overall controller 127 is supplied with data 
from the stage controller 1 1 5, image data from the image 
pickup data processor 1 25, etc.. to control the laser light 
source controller 1 02, the observing light source 1 1 7 and 
the stage controller 1 1 5 on the basis of these data, there- 
by controlling the whole of the laser beam machining ap- 
paratus 100. Therefore, the overall controller 127 func- 
tions as a computer unit 

[0070] Next, the laser beam machining method ac- 
cording to this embodiment will be specifbally described 
with reference to Rg. 7 and Rg. 8. Rg. 8 is a flowchart 
showing the laser beam machining method. The machin- 
ing target 1 is a silicon wafer. 

[0071] Rrst, the optical absorption characteristic of the 
machining target 1 1s measured by a spectrophotometer 
(not shown). A laser light source 101 for generating laser 
light L having a wavelength which is transparent to the 
machining target 1 oris slightly absort)ed by the machin- 
ing target 1 1s selected on the basis of this measurement 
result (SI 01). Subsequently, the thickness of the machin- 
ing target 1 is measured. A movement amount of the 
machining target 1 in the Z-axis direction is determined 
on the basis of the measurement result of the thickness 
and the refractive index of the machining target 1 (SI 03). 
This movement amount corresponds to a movement 
amount of the machining target 1 in the z-axis direction 
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with respect to the focus point of the laser light L located 
at the surface 3 of the machining target 1 in order to 
position the focus point F of the laser light L at the inside 
of the nnachining target 1 . This movement amount is input 
to the overall controller 1 27. s 
[0072] The machining target 1 is mounted on the 
mount table 1 07 of the laser beam machining apparatus 
1 00, and then visible light is emitted from the observing 
light source 11 7 to irradiate the visible light to the ma- 
chining target 1 (SI 05). An image of the surface 3 of the io 
machining target 1 containing the planned cutting line 5 
thus inadiated is picked up by the image pickup element 
121. The image pickup data thus obtained are transmit- 
ted to the image pickup data processor 125. The image 
pbkup data processor 1 25 calculates focus data on the 15 
basis of the image pickup data so that the focus point of 
the visible light of the obsen^ing light source 1 1 7is located 
at the surface 3 (S 107). 

[0073] The focus data thus achieved are transmitted 
to the stage controller 115. The stage controller 115 20 
moves the Z-axis stage 1 1 3 in the Z-axis direction on the 
basis of the focus data (S1 09), whereby the focus point 
of the visible light of the observing light source 117 is 
located at the surface 3. The image pickup data proces- 
sor 1 25 calculates enlarged image data of the surface 3 25 
of the machining target 1 containing the planned cutting 
line 5 on the basis of the image pickup data. The enlarged 
image pickup data are transmitted to the monitor 129 
through the overall controller 127, whereby an enlarged 
image around the planned cutting line 5 is displayed on 30 
the monitor 129. 

[0074] Movement amount data detemriined in step 
SI 03 are input to the overall controller 127 in advance, 
and the movement amount data thus input are transmit- 
ted to the stage controller 1 1 5. On the basis of the move- 35 
ment amount data, the stage controller 115 moves the 
machining target 1 in the Z-axis direction with the Z-axis 
stage 1 13 so that the focus point F of the laser light L is 
located at the inside of the machining target 1 (81 11). 
[0075] Sulssequently, the planned cutting line 5 is set ^ 
on the surface 3 of the machining target 1. Setting the 
planned cutting line 5 is setting laser scan position for 
cutting desirable place. It is also preferable for setting 
the planned cutting line 5, one way is using positioning- 
information of predetemnined dicing-street by a planning 
data, and another way is watching the surface, or meas- 
uring the surface infomnation. Namely, setting the 
planned cutting line 5 is controlling the laser machining 
apparatus for inBdiating the laser beam to desirable po- 
sition at the machining target. Subsequently, the laser so 
light L is emitted from the laser light source 1 01 , and then 
irradiated to the planned cutting line 5 on the surface 3 
of the machining target 1. The focus point F of the laser 
beam L is located inside the machining target 1 , and a 
molten processed area as a modified area is fonned only ss 
inside the machining target 1. The X-axis stage 109 or 
the Y-axis stage 1 1 1 is moved at an initial pitch P along 
the planned cutting line 5 to f omn molten processed areas 



at the predetennined pitch P along the planned cutting 
line 5 in the machining target 1 . When the molten proc- 
essed areas are formed as described above, minute cav- 
ities are fomned in connection with the respective molten 
processed areas (S1 13). The expand tape 1 06 attached 
to the back side of the machining target 1 is expanded 
in the peripheral edge direction of the wafer to separate 
the machining target 1 into parts along the planned cut- 
ting line 5, thereby cutting the machining target 1 (S1 1 5). 
Accordingly, the machining target 1 is divided into silicon 
chips (machined product). 

[0076] Furthermore, in the silicon wafer as semkx)n- 
ductor substrate, the fractures are caused to occur in the 
cross-sectional direction with the planned cutting parts 
formed by the treated region including the molten proc- 
essed regions (forming along the planned cutting line) 
and the minute cavity as starting points, and these frac- 
tures reach the surface and rear face of the silicon wafer 
so that the siricon wafer is cut as a result. In same cases, 
these fractures that reach the surface and rear face of 
the silicon wafer grow naturally; in other cases, the frac- 
tures are caused to grow by the application of a force to 
the silicon wafer. Furthermore, in cases where the frac- 
tures grow naturally to the surface and rear face of the 
silicon wafer from the planned cutting part, there may be 
cases in which the fractures grow from a state in which 
the molten processed regions in the treated region that 
fomn the planned cutting parts are in a molten condition, 
cases in whrch the fractures grow when the molten proc- 
essed regions that fomn the planned cutting parts re-so- 
lidify from a molten state, and cases in which the fractures 
grow by strain causing stress distribution in the cut sur- 
face around the molten processed region and the minute 
cavity. In any cases, the molten processed regions orthe 
minute cavities are fomned only in the interior of the silicon 
wafer, so that in the cut surfaces following cutting, molten 
processed regions are formed only in the interior. When 
planned cutting parts are formed by molten processed 
regions and the minute cavitise in the interior of the sem- 
iconductor substrate, unnecessary fractures that deviate 
from the planned cutdng part lines do not occur at the 
time of fracturing; accordingly, fracture control is easy. 
Moreover, by forming the minute cavities, stress distri- 
bution is occur around the molten processed regions and 
the minute cavities, it is easy to cut silicon wafer. 
[0077] Fig. 9 and Rg. 1 0 are photographs of the cross 
section of the silicon wafer which is cut according to the 
laser beam machining method described above. The 
photographs of Rg. 9 and Rg. 1 0 show the same cross 
section of the silicon wafer in different scales. The de- 
tailed condition when the cross section shown in Rg. 9 
and Rg. 1 1 is fonned is as follows. 
[0078] 

(A) Workpiece: silicon wafer (thickness: lOOftm) 

(B) Laser 

Light source: semiconductor laser excitation Nd: 
YAG laser 
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Wavelength: 1064nm 
Beam diameter 3,99mm 
Spread angle: 2.3mrad 
Repetitive frequency: 40kHz 
Pulse width: 200nsec 
Pulse pitch: 7|Lm 
Machining depth: ISpin 
Pulse energy: 20pJ/puIse 

(C) Condenser lens NA: 0.8 

(D) Moving speed of mount table on which machining 
target is mounted: 280mm/sec 

[0079] In the molten processed area (treated area) 13 
of the cross section shown in Rg. 9 and Fig. 1 0, the width 
in the thidcness direction of the silicon wafer (in the ver- 
tical direction in Rg. 9 and Rg. 1 0) is equal to about 1 3p,m, 
and the width of the laser moving direction (in the hori- 
zontal direction in Rg. 9 and Rg. 10) is equal to about 
-3|jtm. In the mtnute cavity Brthe width in the thickness- 
direction of the silicon wafer (in the vertteal direction in 
Fig. 9 and Rg. 10) is equal to about 7^un, and the width 
in the laser moving direction (in the horizontal direction 
in Rg. 9 and Rg. 1 0) is equal to about 1 .3rtm. The interval 
between the molten processed area 13 and the minute 
cavity 8 is equal to about 1 .2(^m. Rg.1 1 is a photograph 
of a whole section shown in Rg. 9 and Rg. 1 0. 
[0080] Subsequently, Raman analysis results of the 
cross section shown in Rg. 9 and Rg. 10 will be de- 
scribed. A measuring device and a measuring method 
will be described below. 
[0081] 

(1) . Apparatus: Ramanor U-1000 (Jobin Yvon) (II) 

(2) Measurement mode: Micro-probe microscope (Ol- 
ympus BH-2 type) 

Beam splitter Irradiating system, R=25% 
Light converging system, R=100% 
Objective lens: x90 (long focus point) 

(3) Light source: Ar+ laser 457.9 nm 

(4) Polarized light incident light P, scattered light S+P 

(5) Spectroscope: U-1 000 (Diffraction Grating : Plane 
Holographic 1800gr/mm) 

(6) Detector. CCD Jobin Yvon 

[0082] The Raman analysis is carried out on a meas- 
urement position 1 in the vicinity of the molten processed 
area 13, a measurement position 2 in the vicinity of the 
minute cavity 8, a measurement position 3 between the 
molten processed area 13 and the minute cavity 8, and 
a measurement position 4 at the upper side of the molten 
processed area 13. 

(Estimation of amorphous Si) 

[0083] No Raman ray originated from amorphous Si 
was clearly observed from any position. This means that 
no amorphous Si existed or an existence amount of amor- 
phous Si was not more than the detection limit. 



(Estimation of Crystallinity) 

[0084] The spectra at the measurement positions 2, 3 
and 4 had the same degree of half maximum full-width. 

5 Furthermore, as compared with reference Si (1 1 0), they 
had the same degree as the reference Si. Therefore, it 
is considered that monocrystal Si having high crystallinity 
might exist at all of tiie measurement positions 2, 3 and 
4. On the other hand, a broad Raman ray was observed 

10 at the measurement position 1 , and thus it is considered 
that polycrystal Si might exist at the measurement posi- 
tion 1. 

(Estimation of Stress) 

IS 

[0085] It is considered that an extremely great com- 
pression stress might occur at the measurement position 
1 . Furthermore, it is considered that compression stress 
might occur at the measurement-position 3rand also It- 
is considered that slight stress which conBsponds to the 
detection lower limit might occur at the measurement po- 
sitions 2 and 4. 

[0066] Here, an estimation result of cut-off perfomn- 
ance when modified areas were formed at a 5mm pitch 
in horizontal and vertical directions to an orientation flat 
in a silicon wafer of 6 inches in size and 1 0Ojtm in thick- 
ness were employed and then expander separation was 
conducted while varying the pulse pitch and the machin- 
ing depth so that the sificon wafer was divided into plural 
chips of 5mm x 5mm will be described with reference to 
Rg. 12. 

[0087] This estimation was obtained by estimating the 
surface state and the cut-off perfomnance when the pulse 
pitch was fixed and the machining depth (the depth in 
which the minute cavity is fonned) was varied from 45p.m 
to 90njn in a wafer of lOOjjum in thickness. In Rg. 12, 
"HC, mountain" means "half cut, tinge of mountain," and 
it indicates that cracks or the like appear on a surface of 
the silicon wafer at the laser incident side. "ST, valley"*; 
means "stealth, tinge of valley," and it indicates that 
cracks or the like appear on the opposite surface to the 
laser incident side. "ST* means "stealth," and it indicates 
that cracks or the like are not observed at any surface. 
A "circle" indicates that the silicon wafer can be cut into 
all parts when the tape attached to the back side of the 
silicon wafer is expanded to carry out expander separa- 
tion, and a triangle indicates that the silicon wafer cannot 
be cut into all the parts. 

[0088] It is apparent from Rg. 12 that the preferable 
pulse pitch is around 4.00^,m. it is preferable that the 
machining depth (the depth in which the minute cavity is 
fomned) is large. It is preferable that the pulse pitch is not 
very much increased. Estimating these totally, the pulse 
p'rtch is preferably set to I.OOjtm to 7.00|jun, and more 
preferably 3.00pin to 5.00|Lm. Furthenmore, the machin- 
ing depth (the depth in which the minute cavity is fonmed) 
is preferably set to 45n,m to 90n.m in wafer of lOOtun, 
and more preferably to 6Syjrr\ to 85|im. 
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[0089] For example, when the silicon wafer has a large 
thickness of 300M.m, it is preferable to repetitively cany 
out the laser beam machining process described above 
while varying the machining depth, and a combination of 
a molten processed area and a minute cavity is formed s 
at at least one stage. 

[0090] Rg. 13 and Rg. 14 are photographs of the cross 
section of the thick silicon wafer which is cut according 
to the laser beam machining method described above. 
The photograph of Rg. 13 is the thick silicon wafer 2 *o 
whk^h is machined from the surface 21 to the surface 22. 
As a result, the modified areas 201 to 206 are formed. 
In the modified area 203, a minute cavity is not visible; 
because of doing laser beam machining method multiply. 
In the modified area 201 , 202, 203, 204, the minute cav- is 
ities are visible. Forming the minute cavities, stress dis- 
tribution Is occurring around the molten processed area 
and the minute cavities, so that it is easy to cut Moreover, 
the minute cavities are to starting point for cutting, when 
add power from outside. Then, it Is necessary for cutting 20 
and separating the semiconductor substrate as expand 
a tape that fixed it, that a condition for easily cut Fonning 
the minute cavities is the condition. It is especially effec- 
tive for cutting semiconductor substrate that fomiing the 
molten processed area and the minute cavities. 25 
[0091] The photograph of Rg. 14 is the thick siricon 
wafer 2a which is machined same method of Rgl 3. The 
rough sketch of Rg. 14 is shown in Rg. 15. In the thfck 
silicon wafer 2a, a modified area 211 and 21 2 are formed. 
The modified area 21 1 has a melting treated area 21 1 a, 3o 
and a minute cavity 21 1b. The modified area 212 has a 
melting treated area 21 2a, and a minute cavity 212b. The 
minute cavities 212b are formed equally. On the other 
hand, the minute cavities 212b are not fomied equally, 
so that there is an area 21 1c in which a minute cavity is 35 
not formed. A region where a minute cavity is difficult to 
forming is generate under condition of the surface. In this 
case, a melting treated area 21 1 a is fomned along the 
planned cutting line continuously; on the other hand a 
minute cavity 212b is formed here and there. Even in this <o 
case, it is easy for cutting that existence of the minute 
cavity. Starting points of cutting is fomned along the 
planned cutting line, because of fonning a melting treated 
area 21 1 a almost continuously. Even if the minute cavity 
is not exist all along the planned cutting fine, exist minute ^5 
cavity 212b act for fracture growing. In a word, because 
of fonning a treated region (a first zone) which includes 
a treated area in the machining target along a planned 
cutting line of the machining target and fomn a minute 
cavity region (a second zone) which includes a minute so 
cavity along at least one part of the planned cutting line, 
they are woricing for the starting point, so that easy to cut 
the machining target In the case of cutting a semicon- 
ductor substrate that is good cleavage character (e.g. 
GaAs), it is not necessary for fomiing the modified area ss 
(the treated area and the minute cavity) all along the 
planned cutting line. In this case, the modified area is 
preferably formed along one part of the planned cutting 



line. It is also prefer to fonn the modified area only a part 
which improving cutting precision. 
[0092] When a pattern is formed on a surface of a sil- 
icon wafer, a laser beam is preferably made incident from 
a surface opposite to the pattem-fonned surface. The 
broken section of the minute cavity side is apt to be 
smoother than the broken section of the molten proc- 
essed area, and thus the yield of good products can be 
greatly enhanced when the minute cavities are formed 
at the pattem-fonned surface. Concretely, as shown in 
Rg. 1 8, at a silicon wafer 1 60 which has a surface fomned 
a functional element 181 (functional device), thB minute 
cavity 182 is formed on the side of the surface, so that 
dividing precision of the functional element 181 side is 
Improved. Accordingly, It is able to improve a nate of qual- 
ity item, and to improve production efficiency. For cutting 
a semiconductor substrate that is fonrned a modified area 
inside by expanding a tape fixed the semiconductor sub- 
strate, it Is necessary easily cutting condition. The con- 
dition is satisfied existence of the minute cavity. It is ef- 
fective modify for fonning a molten processed area with 
the minute cavity, in case of cutting a semiconductor sub- 
strate. In case of cutting silfcon wafer 180 shown in fig. 
18, fix the silicon wafer 180 on a tape 183. After that, 
expand the tape 183 for cutting the silicon wafer 180, 
shown in fig. 20. Whether case of fixing the tape 1 83 to 
the silicon wafer 1 80 after fonning a modified area or 
before forming a modified area, it is acceptable for cutting 
process. 

[0093] It is preferable that the Gaussian distribution is 
spread with respect to the lens aperture to use a lens 
incident beam like a top hat (it is preferable to increase 
energy of a light beam having large NA). NA Is preferably 
set in the range from 0.5 to 1 .0. 
[0094] The pulse width is preferably set to SOOnsec or 
less. More preferably, it is set in the range from lOnsec 
to SOOnsec. More preferably, it is set in the range from 
lOnsec to 300nsec. Further more preferably, it is set In 
the range from 1 0Onsec to 200nsec. 
[0095] It is considered that the molten processed area 
and the minute cavity are paired and also the depth of 
each of them has a predetermined relation with the thick- 
ness of the silicon wafer. Particulariy, the molten proc- 
essed area and the minute cavity have a predetermined 
relation with each other in accordance with NA. 
[0096] The cutting direction is preferably parallel to or 
vertical to the orientation flat (ori-fia). It is preferable to 
fonn molten processed areas along the crystal orienta- 
tion. 

[0097] In this embodiment, a semiconductor wafer 
made from siPicon is used for the machining target; raw 
material is not necessarily silicon. For example, raw ma- 
terial is selected from compound semiconductor includ- 
ing IV group element compound except silicon or IV group 
element like as SIC, compound semiconductor Including 
lll-V group elements, compound semteonductor includ- 
ing ll-VI group elements, and compound semiconductor 
doped various impurities. 
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[0098] Effects of the present invention will be de- 
scribed. According to the present invention, pulse laser 
light L is irradiated to the planned cutting line 5 under a 
condition where multiphoton absorption can be induced 
and while the focus point F is positioned at the inside of 5 
the machining target 1. The focus point F is nnoved at a 
predetenmined pitch P along the planned cutting line 5 
by moving the X-axis stage 109 and the Y-axis stage 
111, whereby treated areas are fonned along the planned 
cutting line 5 In the machining target 1 , and also minute 
cavities are fonned. Accordingly, the machining target 1 
can becutoffwithoutgeneratingany unnecessarycracks 
out of the planned cutting line 5 in the surface 3 of the 
machining target 1. 

[0099] Furthemnore, pulse laser light L is in^diated to ^5 
the planned cutting line 5 under a condition where mul- 
tiphoton absorption is induced in the machining target 1 
and while the focus point F is positioned at the inside of 
the machining target 1 . Accordingly, the pulse laser light 
L Is transmitted through the machining target 1 , and the 20 
pulse laser light L is hardly absorbed at the surface 3 of 
the machining target 1, so that the surface 3 suffers no 
damage such as melting or the like due to formation of 
modified areas. 

[01 00] As described above, the machining target 1 can 25 
be cut off without generating neither occurrence of un- 
necessary cracks out of the planned cutting line 5 nor 
melting on the surface of the machining target 1 . Accord- 
ingly, for example, when the machining target 1 is a sem- 
iconductor wafer, semfconductor chips can be taken out so 
from the semiconductor wafer while neither unnecessary 
cracks out of the planned cutting line nor melting occurs. 
The same is satisfied in the case of a machining target 
on which an electrode pattern is formed, and a machining 
target on which an electrical device is fomried, such as a 35 
piezoelectric element wafer or a glass substrate on which 
a display device such as liquidcrystal orthe like is fonned. 
Accordingly, the yield of products (for example, a semi- 
conductor chip, a piezoelectric device chip, a display de- 
vice such as liquid crystal or the like) manufactured by ^0 
cutting a machining target can be enhanced. 
[0101] Furthemnore, since the planned cutting line 5 
on the surface 3 of the machining target 1 is not melted, 
the width of the planned cutting line 5 (in the case of a 
semiconductor wafer, this width con-esponds to the in- -^5 
terval between areas serving as semiconductor chips) 
can be reduced. Accordingly, the number of products 
which can be manufactured from one machining target 
1 is increased, and thus the productivity of products can 
be enhanced. 

[0102] According to the present invention, laser light 
is used for cutting work of a machining target 1 , and thus 
more complicated machining can be performed than dic- 
ing using a diamond cutter. 

[01 03] In addition, tiiere has not been necessarily pro- 55 
vided a clear explanation to the principle that when laser 
light L is transmitted through a machining target 1 to in- 
duce multiphoton absorption in the machining target 1 



and thus form treated areas 7, minute cavities 8 are 
formed in connection with the treated areas 7. With re- 
spect to the principle that each treated-area-7-and each- 
minute cavity 8 are formed while being paired witii each 
other, the inventors of this applfcation assume one hy- 
pothesis, and this hypothesis will be described hereun- 
der. 

[0104] Rg. 1 6 is a diagram showing this hypothesis. 
When laser light L is converged to a focusing point in a 
machining target 1 and irradiated to the machining target 
1 , a treated area 7 is formed in the vicinity of the focus 
point F. In the prior art, light at the center portion of laser 
light (light con-esponding to L4 and L5 in Rg. 16) inBdi- 
ated from a laser source is used as the laser light L This 
is because the center portion of the Gaussian distribution 
of the laser light is used. 

[0105] The inventors of this application expand laser 
light in order to suppress an effect of the laser light on 

the surface of the machining target-This is implemented 

by expanding laser light irradiated from a laser source 
through a predetennined optical system to expand the 
skirts of the Gaussian distribution and relatively increase 
the laser intensity of light (corresponding to LI. to L3 and 
L6 to L8 in Rg. 16) at the peripheral portion of the laser 
light 

[0106] When the laser light thus expanded is transmit- 
ted through the machining target 1 , a treated area 7 is 
formed in the vicinity of the focus point F as described 
above, and a minute cavity 8 is fonned at the portion 
corresponding to the treated area 7. That is, the treated 
area 7 and the minute cavity 8 are fonned to be located 
along the optical axis of the laser light (indicated by a 
chain line in Rg. 16). The position at which the minute 
cavity 8 is fonned corresponds to a portion on which the 
light of the peripheral portion of the laser light (i.e., the 
light corresponding to LI to L3 and L6 to L8) is theoret- 
ically focused. 

[01 07] As described above, it is considered that a por- 
tion on which light at the center portion of the laser light 
(light at the portions corresponding to L4 and L5 in Rg. 
1 6) is converged and a portion on which light at the pe- 
ripheral portion of the laser light (light at the portions cor- 
responding to LI to L3 and L6 to L8 in Rg. 16) is con- 
verged are different in the thickness direction of the ma- 
chining target 1 because of spherical aberration of a lens 
for converging the laser light. One hypothesis assumed 
by the Inventors resides in that the difference in focus 
position as described above has some effect 
[0108] The hypothesis supported by the inventors is 
as follows. The focus portion for light at the peripheral 
portion of the laser light (corresponding to LI to L3 and 
L6 to L8 in Rg. 1 6) is theoretically a laser focusing point, 
so that it is estimated that the intensity of the light at this 
portion is high. Accordingly, micro-structural variation oc- 
curs atthe portion due to the high-intensity light, however, 
substantially no crystal stmctural variation occurs at the 
peripheral portion of this focus portion. Therefore, a 
minute cavity 8 is fonned at the peripheral portion. On 
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the other hand, a great thermal effect is applied at the 
portion where the treated area 7 is fonmed, and thus this 
portion is merely melted and then re-solidified. 
[01 09] Rg. 1 7 is a diagram showing the above hypoth- 
esis. When laser light having a Gaussian distribution 81 s 
is emitted, it is transmitted through an optical system 82 
and then irradiated to a machining target 83. As shown 
in Rg. 8, light at the peripheral portion of the laser light 
(indicated by broken fines of Rg. 17) is converged in the 
vicinity of a portion where a minute cavity 832 is fomried. io 
On the other hand, light at a relatively high-intensity por- 
tion of the-laser light in the Gaussian distn'bution 81 is 
converged in the vicinity of a portion where a treated area 
831 is fomned. 



Claims 

1. A laser beam machining method comprising a step 

of: irradiating laser light to a machining target while 20 
converging the light to the inside of the machining 
target, thereby fomning a treated area based on mul- 
tiphoton absorption in the machining target along a 
planned cutting line of the machining target and form 
a minute cavity at a predetemiined position in con- 25 
nection with the treated area In the machining target. 

2. The laser beam machining method according to 
Claim 1, further comprising a step of setting the 
planned cutting line. 30 



a pulse laser light which pulse pitch is set to 1.00p.m 
to 7.00p.m. 

7. The laser beam machining method according to any 
one of claims 1 to 6, wherein the minute cavities are 
fornied along the planned cutting line, each of the 
minute cavities are separated. 

8. The laser beam machining method according to any 
one of claims 1 to 7, wherein the minute cavities are 
fonned along the planned cutting line, each of the 
minute cavities are separated. 

9. The laser beam machining method according to any 
one of claims 1 to 8, wherein afunctional element is 
formed on a principle surface of the machining target, 
and the minute cavity is located between the princi- 
ple surface and the treated area. 

1 0. The laser beam machining method according to any 
one of claims 1 to 9, wherein the minute cavity is 
fomned the other side of the laser light incidence, 
putting the treated area between them. 

1 1 . The laser beam machining method according to any 
one of claims 1 to 10, further comprising a step of 
cutting the machining target which is formed the 
minute cavity. 

12. A laser beam machining method comprising: 



3. A laser beam machining method comprising: 

a step in which setting a planned cutting line of 
a machining target; and ss 
a step in which in^diating laser light to the ma- 
chining target while converging the light to the 
inside of the machining target, thereby fomning 
a treated area based on multlphoton absorption 
in the machining target along the planned cutting 
line and forni a minute cavity at a predetemnined 
position in connection with the treated area in 
the machining target 

4. The laser beam machining method according to any ^5 
one of claims 1 to 3, wherein the machining target 

is a semiconductor substrate, and the treated area 
is a molten processed area 

5. The laser beam machining method according to any so 
one of clainns 1 to 3, wherein the machining target 

is a semiconductor substrate, and the laser light is 
a pulse laser light which pulse width is set to 500 
nsec or less. 

55 

6. The laser beam machining method according to any 
one of claims 1 to 3, wherein the machining target 
is a semiconductor substrate, and the laser light is 



a step in which setting a planned cutting line of 
a semiconductor substrate; and 
a step in which in^diating laser light to the sem- 
iconductor substrate while converging the light 
to the inside of the semiconductor substrate, 
thereby forming a molten processed area in the 
semiconductor substrate along the planned cut- 
ting fine and form a minute cavity at a predeter- 
mined position in connection with the molten 
processed area In the semiconductor substrate. 

13. A laser beam machining method comprising: 

a step in which setting a planned cutting line of 
a semiconductor substrate; and 
a step in which Inradiating laser light to the sem- 
iconductor substrate while converging the light 
to the inside of the semiconductor substrate, 
thereby fonning a molten processed area in the 
semiconductor substrate along the planned cut- 
ting fine and form a minute cavity at a predeter- 
mined position in connection with the molten 
processed area in the semiconductor substrate, 
and the laser light is a pulse laser light which 
pulse width is set to 500 nsec or less. 

14. A laser beam machining method comprising: 
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a step in which setting a planned cutting line of 
a semiconductor substrate; and 
a step in which irradiating laser light to the sem- 
iconductor substrate while converging the light 
to the inside of the semiconductor substrate, 
thereby forming a molten processed area in the 
semiconductor substrate along the planned cut- 
ting line and fomi a minute cavity at a predeter- 
mined position in connection with the molten 
processed area in the semiconductor substrate, 
and the laser light is a pulse laser light which 
pulse pitch is set to 1.00|i.m to 7.00 pjn. 

1 5. The laser beam machining method according to any 
one of claims 12 to 14, wherein the minute cavities 
are fomied along the planned cutting line, each of 
the minute cavities are separated. 

1 srThe laiserbeam'ma^chining method according to any 
one of claims 1 2 to 1 5, wherein a functional element 
is formed on a principle surface of the semiconductor 
substrate, and the minute cavity is located between 
the principle surface and the treated area. 

17. The laser beam machining method according to any 
one of claims 12 to 16, wherein the minute cavrty is 
formed the other side of the laser light incidence, 
putting the molten processed area between them. 

18. The laser beam machining method according to any 
one of claims 12 to 17, further comprising a step of 
cutting the machining target which is formed the 
minute cavity. 

19. A laser beam machining apparatus comprising laser 
light source, a mount table for mounting a machining 
target, and a controllerforcontrolling relative position 
of the laser light source and the mount table: 

wherein the controller control relative position of 
the laser light source and the mount table while 
converging the laser light to the inside of the 
machining target, and the controller move the 
laser light source and the mount table relatively 
along a planned cutting line, 
thereby fonning a treated area based on multi- 
photon absorption in the machining target along 
the planned cutting line and fonn a minute cavity 
at a predetermined position in connection with 
the treated area in the machining target 

20. A laser beam machining apparatus comprising laser 
light source, a mount table for mounting a semicon- 
ductor substrate, and a controller for controlling rel- 
ative position of the laser light source and the mount 
table: 

wherein the controller control relative position of 



the laser light source and the mount table while 
converging the laser light to the inside of the 
semiconductor substrate, and the controller 
move the laser light source and the mount table 

5 relatively along a planned cutting line, 

thereby forming a molten processed area in the 
semiconductor substrate along the planned cut- 
ting line and fomn a minute cavity at a predeter- 
mined position in connection with the molten 

10 processed area in the semiconductor substrate. 

21 . A laser beam machining apparatus comprising laser 
light source, a mount table for mounting a semicon- 
ductor substrate, and a controller for controlling rel- 

15 ative position of the laser light source and the mount 
table: 

wherein the controller control relative position of 
the laser light source and the mount table while 

20 converging the laser fight to the inside of the 

semiconductor substrate, and the controller 
move the laser light source and the mount table 
relatively along a planned cutting line, 
thereby fonming a molten processed area in the 

25 semiconductor sut>strate along the planned cut- 

ting line and form a minute cavity at a predeter- 
mined position in connection with the molten 
processed area in the semiconductor substrate, 
and, the laser light is a pulse laser light which 

30 pulse width is set to 500 nsec or less. 

22. A laser beam machining apparatus comprising laser 
light source, a mount table for mounting a semicon- 
ductor substrate, and a controller for controlling rel- 

35 ative position of the laser light source and the mount 
table: 

wherein the controller control relative position of 
the laser light source and the mount table while 

40 converging the laser light to the inside of the 

semiconductor substrate, and the controller 
move the laser light source and the mount table 
relatively along a planned cutting line, 
thereby fomning a molten processed area in the 

45 semiconductor substrate along the planned cut- 

ting line and fomn a minute cavity at a predeter- 
mined position in connection with the molten 
processed area in the semiconductor substrate, 
and the laser light is a pulse laser light which 

so pulse pitch is set to 1 .OO^^m to 7.00fjum. 

23. The laser beam machining apparatus according to 
any one of claims 1 9 to 22, wherein the minute cav- 
ities are formed along the planned cutting line, each 

55 of the minute cavities are separated. 

24. A laser beam machined product obtained by cutting 
a machining target by laser beam machining, com- 
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prising: Claim 31, wherein the machining target is a semi- 

conductor substrate, and the treated area is a molten 
a treated area which is modified with multiphoton processed area, 

absorption and formed at a portion along a prin- 
cipal face formed by the cutting; and s 
a minute cavity having an opening portion 
fomned at a predetemnlned position which is lo- 
cated on the principal face formed by cutting and 
corresponds to the treated area. 

10 

25. The laser beam machined product according to 
Claim 24, wherein the machining target is a semi- 
conductor substrate, and the treated area Is a molten 
processed area. 

15 

26. The laser beam machined product according to 
Claim 24 or Claim 25, wherein the minute cavities 
are formed along the planned cutting line, each of 
the minute cavities are separated. 

20 

27. The laser beam machined product according to 
Claim 26, wherein an interval of the minute cavities 
Is 1 .00|Lm to Z.OOpin. 



28. The laser beam machined product according to any 2S 
one of claims 24to 27, wherein the treated area is 
formed in a first zone along the planned cutting line, 
and the minute cavities are fomned in a second zone 
separated from the first zone. 

30 

29. A laser beam machining method comprising a step 
of: irradiating laser light to a machining target while 
converging the light to the Inside of the machining 
target, thereby forming a treated region which in- 
cludes a treated area in the machining target along 35 
a planned cutting line of the machining target and 
form a minute cavity region which includes a minute 
cavity along at least one part of the planned cutting 
line. 

40 

30. The laser beam machining method according to 
Claim 29, wherein the machining target is a semi- 
conductor substrate, and the treated area Is a molten 
processed area. 

45 

31. A laser beam machined product obtained by cutting 
a machining taiiget by laser beam machining, com- 
prising: 



a treated region which includes a treated area so 
which is fornied at a portion along a principal 
face fomned by the cutting; and 
a minute cavity region which includes a minute 
cavity having an opening portion fomned at a pre- 
determined position which is located on the prin- 55 
cipal face formed by cutting. 

32. The laser beam niachined product according to 
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